Fatigue decreases spinal excitability in human soleus, but increases cortical excitability with concomitant inhibition at rest.
h i g h l i g h t s
Fatigue decreases spinal excitability in human soleus, but increases cortical excitability with concomitant inhibition at rest.
Cortical excitability assessed with maximal effort stayed constant with fatigue. These findings may reflect distinct responses specific to postural muscle.
a b s t r a c t
Objective: The aim of this study was to examine the cortical and segmental excitability changes during fatigue of the soleus muscle. Methods: Ten healthy young subjects performed 45 plantar flexion maximal voluntary contractions (MVCs) (7-s on/3-s off) in 9 epochs of five contractions. Motor evoked potentials (MEPs) using transcranial magnetic stimulation and H-reflexes were assessed during the task. Results: The torque and the soleus EMG activity both showed the greatest decline during the 1st epoch, followed by a gradual, but significant decrease by the end of the task ($70% pre-fatigue). The H-reflex sampled at rest after each epoch decreased to 66.6 ± 18.3% pre-fatigue after the first epoch, and then showed no further change. The MEP on 10% pre-fatigue MVC after each epoch increased progressively (252.9 ± 124.2% pre-fatigue). There was no change in the MEPs on the 3rd MVC in each epoch. The silent period on the MVC increased (109.0 ± 9.2% pre-fatigue) early with no further changes during the task. Conclusions: These findings support that the motor cortex increases excitability during fatigue, but with a concomitant inhibition. Significance: These findings are in contrast to upper extremity muscles and may reflect a distinct response specific to postural, fatigue-resistant muscle. Ó 2011 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
Introduction
Muscle fatigue varies according to the muscle studied, the task, and the individuals studied (age, gender, activity level). Sites of muscle fatigue include peripheral as well as central mechanisms characterized by changes in muscle properties, electromyography (EMG), segmental excitability, and cortical excitability (Taylor et al., 2006) . Postural muscles, like the soleus, may demonstrate distinct mechanisms of fatigue from upper extremity muscles. Fatigued postural muscles may be important contributors to altered function with injury or age.
Several methods are available to examine the excitability of specific central nervous system pathways in humans. The motor evoked potential (MEP) using transcranial magnetic stimulation (TMS), provides an index of motor cortex and motoneuron pool excitability (Burke et al., 1993) . Corticospinal tract stimulation, such as cervicomedullary motor evoked potentials (CMEPs), isolates the influence of a descending volley on the motor neuronal pool (Taylor, 2006) . The Hoffmann or H-reflex has been used extensively to measure the strength of the excitation achieved by a same-sized compound Ia afferent action potential on its homonymous motoneuron pool (Magladery et al., 1951) . The size of the single H-reflex alone does not measure the motoneuron pool excitability because the amount of the neurotransmitter released from the Ia afferent terminal can be modulated pre-synaptically through both GABA-mediated primary afferent depolarization (Rudomin, 1999) and/or homosynaptic post-activation depression (Hultborn et al., 1996) . Double pulse stimulation with a long inter-pulse interval (500 ms) offers an opportunity to focus on the homosynaptic post-activation depression mechanism (Hultborn et al., 1996) .
Various mechanisms contribute to fatigue of limb musculature. In the elbow flexors, the MEP size increases during both a sustained maximal voluntary contraction (MVC) and a sustained sub-maximal contraction, whereas the CMEP size decreases with
